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Fig. 1. Single amino acid changes to epitope 9 result in loss of 
IgE binding to this epitope. Epitope 9 was synthesized with an 
alanine (Panel A) or methionine [Panel B) residue substituted for one of 
the amino acids and probed with a pool of serum IgE from 15 patients 
with documented peanut hypersensitivity. The letters across the top of 
each panel indicate the one-letter amino acid code for the residue 
normally at the position and the amino acid that was substituted for 
this residue. The numbers indicate the position of each residue in the 
Ara hi protein. WT, indicates the wild type peptide (no amino acid 
substitutions). 
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HYDROPHOBIC POLAR CHARGED 

Fig. 2. Hydrophobic amino acids are more critical to IgE bind- 
ing. The type of each amino acid within the Ara hi epitopes was 
assessed relative to its importance to IgE binding. The closed boxes 
represent the total number of a particular type of amino acid residue 
found in all of the Ara hi epitopes, whereas the open boxes represent the 
number of that type of residue which, when replaced, was found to 
result in the loss of IgE binding. 



NNPFYFPSRR FSTRYGNQNGRIRVLQRFDQRSRQFQMLQNHRIVQIEAKPNTIiVLP 227 
DNPFYFNSDNSWNTLFKNQYGHIRVLQRFDQQSKRLQNLEDYRIiVEFRSKPETLLLP 

KHADADNILVIQQGQATVTVANGN NRKSFNLDEGH ALRIPSGFISYILNRH 278 

QQADAELLLWRSGSAILVLVKPDDRREYFFLTSDNPIFSDHQKIPAGTIFYLVNPD 

DNQNLRVAKISMPVNTPGQFEDFFPASSRDQSSYLQGFSRNTLEAAFNAEFNEIRRV 3 3 S 
PKEDLRIIQLAMPVNNPQIH EFFLSSTEAQQSYLQEFSKHILEASFNSKFEEINRV 



Fig. 3. Alignment of the primary 
amino acid sequences and the a-car- 
bon structural alignment of Ara hi 
and the phaseolin A chain. Panel A 
represents the single letter amino acid 
code for Ara hi residues 172-586 (top 
line) and all of the phaseolin A chain (bot- 
tom line). The structurally conserved re- 
gions, shown in bold type, were used to 
develop the initial backbone of the Ara hi 
model. The other regions were used in 
protein loop searches to complete the ter- 
tiary structure of Ara hi. Panel B repre- 
sents the a-carbon alignment of the final 
model of Ara hi (white) versus the phase- 
olin A chain (yellow). Labeled residues 
Asn 1 and Arg 4ir ' represent the N and C 
termini of the Ara hi model, respectively. 
Areas between labeled amino acids 
Asn l69 -Val lM , Val 2l2 -Gly 221 , Phe 240 - 
Pro 226 , Pro'^-Phe* 10 and Arg^-Asn 323 
represent areas of structural uncertainty 
due to insertions in Ara hi or unsolved 
sequences in phaseolin. Note that the res- 
idue numbers are shifted due to the N- 
terminal deletion from the Ara hi coding 
sequence found in the Gen Bank™ data 
bank (the amino acid sequence of this pro- 
tein can be accessed through the Gen- 
Bank™ data bank under GenBank Acces- 
sion Number L34402 (17)). 
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LLEENAGGEQEERGQRRWSTRSSENNEGVIVKVSKEHVEELTKHAKSVSKKGSEEE 3 91 
LFEEEGQQEGV IVNIDSEQIK'ELSKHAKSSSRKSLSKQD 

GDITNPINLREGEPDLSNNFGKLFEVKPDKKNPQLQDLDMMLTCVEIKEGALMLPHF 44 8 
NTIGNEF GNIiTERTDNS LN VLISSIEMEEGALFVPHY 

NSKAMVIVVVNKGTGNLELVAVRKEQQQRGRREEEEDEDEEEEGSNREVRRYTARLK 
YSKAIVILWNEGEAHVELVGPKGNKETLEYE SYRAELS 

EGDVFIMPAAHPVAINASSELHLLGFGINAENNHRIFLAGDKDNVIDQIE KQ 557 

KDDVFVI PAAYPVAIKATSNVNFTGFGINANNNNRNLL AGKTDNVI S S IGRALDGKD 

AKDLAFPGSGEQVEKLIKNQKESHFVSAR 586 
VLGLTFSGSGDEVMKLINKQSGSYFVDAH 

B 



Phi/Psi Plot 




-180 -135 -90 -45 45 90 135 180 



Fig. 4. Most of the (ft/if/ torsion angles of the amino acid resi- 
dues in the Ara hi tertairy structure model are allowed. A plot of 
the <j> and \\i angles for the amino acids in the Ara hi tertiary structure 
model is shown. Each dot within one of the boxes represents an amino 
acid that has acceptable torsion angles. Major outliers are indicated by 
their three letter amino acid code and position using the N-terminal as 
residue 1 as in Fig. 3. 




FtG. 5. The majority of the Ara hi IgE binding epitopes are clustered in two regions of the allergen. The top panel represents a ribbon 
diagram of Ara hi tertiary structure. The numbered red areas are IgE binding epitopes 10-22. Epitopes 13 and portions of 14 and 15 lie in an area 
of structural uncertainty. The bottom panel is a space filling model of Ara hi tertiary structure. The red areas represent the IgE binding epitopes, 
and the yellow atoms are the residues that were determined to be critical for IgE binding to occur. 
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Ara h 3 Amino Acid Sequence 
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Ara h 3 SEGGYIETWN PNNQEFEIaG VALSRLVLRR NALRRlFYSN APQEIFIQQ5 
G1 Soy SEGGLIETWN PNNKPFqIaG VALSRCTLNR NALRRESYTN GPQEIYIQC 
G2 Soy SEGGFIETWN PNNKPFQ|AG VALSRCTLNR NALRR|SYTN GPQEIYIQQl 
A2 Pea SEGGLIETWN PNNKQFRBAG VALSRATLQH NALRRBYYSN APQEIFIQC 



Ara h 3 
G1 Soy 
G2 Soy 
A2 Pea 



101 
RGYFSLIFj 

kgifSmiyj 
ngifgmif] 

NGYFgWF| 



150 

BPRHYEEPHT QGRRSQSQRP PRRLQGEDQS QQQRDSHQKV 

PSTFEEPQQ PQQRGQSSRP QDRHQKI 

PSTYQEPQE SQQRGRSQRP QDRHQKV 

PETFEEPQE SEQ.GEGRRY RDRHQKV 



B. 

351 

Ara h 3 EYDEDEY EYDEE DRRRGRGSRG R G 

G1 Soy EEEEDEKP QCKGKDK HCQRPRGSQS KSRR 

G2 Soy DDDEEEQP QCVETDK GCQR QS KRSR 

A2 Pea DEDEERQPRH QRRRGEEEEE DKKERRGSQK GKSRRQGD 




Ara h 3 
G1 Soy 
G2 Soy 
A2 Pea 



401 

KKBiGRNRSP 
RHHIGQTSSP 
RQMIGQNSSP 
RLHIGPSSSP 



IYNPQAs 


]SL 


IYNPQAt 


jSV 


iynpqa! 


3 SI 


iynpea! 


5RI 



450 

RWLGLS|EY GNLYRNALFV 
JswlrlsIef GSLRKNAMFV 
iwLLKLS|QY GSLRKNAMFV 

Irwlklsseh GSLHKNAMFV 



Ara h 3 
G1 Soy 
G2 Soy 
A2 Pea 



451 
AHYNT? 

IhynlI 
Ihytl! 

1HYNLI 



HSI IYRLRSRAHV QV 
SNSI IYALNGRALI QV 
SNSI IYALNGRALV QV 
SNSI IYALKgRARL QV 



500 

|dsn|nrv ydeelqebhv lwgsnfava 
|ncn|erv fdgelqegrv livHnfvva 
IncnIerv fdgelqeggv liv^nfava 

ZNCnInTV FDGELEAgRA LTV^NYAVA 



A. Bacterial Expression of Recombinant Ara h 3 
kD MW ABCDEFGH 




y, B. Immunoblot Analysis of Total Bacterial Extract 

g ABCDEFGH 
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A. Epitope 4 is an Immunodominant Epitope 



Patients 

Epitope 1 
Epitope 2 
Epitope 3 
Epitope 4 
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jj{ B. Percentage of Recognition for Each Epitope 

Epitope Sequence Position Percentag e 
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SDS-PAGE analysis of the protein profiles at various stages of 
allergen purification. 

Panels A and B are the protein profiles resulting from the purification of Ara h 1 and Ara h 
2, respectively. Lanes are as follows: lanes Al and Bl^ protein standards; lanes A2 and B2, 
crude peanut extract; lane A3, 25% ammonium sulfate pellet; A4> Ara h 2 fraction 
following anion exchange chromatography; lane AS, Ara h 2 fraction following 
hydrophobic chromatography lane B3, 100% ammonium sulfate pellet; lane B4, Ara h 1 
fraction following cation exchange chromatography. 
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1 2 3 
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■y Immunoblot of the purified proteins using serum IgE from allergic 
Pi individuals. 

Ban els A and B are the protein profiles resulting from the purification of Ara h 1 and Ara h 
24hat were blotted to nitrocellulose and detected by western blot analysis using serum IgE 
fiSm aUergic individuals as the primary antibody. Lanes are as follows: lanes Al and Bl, 
protein standards; lanes A2 and B2, crude peanut extract; lane A3, 25% ammonium sulfate 
pellet; A4 y Ara h 2 fraction following anion exchange chromatography; lane A5, Ara h 2 
fraction following hydrophobic chromatography lane B3, 100% ammonium sulfate pellet; 
lane B4 y Ara h 1 fraction following cation exchange chromatography. 
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Stimulant 

Purified Ara h 1 and Ara h 2 can stimulate T cell proliferation. 

jjjT cells were isolated from peanut allergic individuals and placed into 96 well plates at 4 x 
j^O 4 cells/well and treated in triplicates with media, crude peanut extracts (positive control), 
;;j|\xa h 1, Ara h 2 or rice extracts (negative control). The cells were allowed to proliferate 
tfor 6 days and then incubated with 3 H-thymidine (IjiCi/well) at 37 C for 6-8 hrs and then 
^jiarvested onto glass fiber filters. T-cell proliferation was estimated by quantitating the 
kamount of 3 H-thymidine incorporation into the DNA of proliferating cells. 3 H-thymidine 
.[Incorporation is reported as stimulation (SI) above media treated control cells. 





AW CS TP WBH GC (control) 



Patients 



Purified Ara h 1 and Ara h 2 can stimulate histamine release from 
mast cells of peanut allergic individuals. 

Mast cells from whole blood of allergic individuals (on the x-axis) from left to right were 
treated with PBS (negative control), crude peanut extracts (positive control), Ara h 1 (panel 
A) or Ara h 2 (panel B). The release of histamine is reported on the y-axis in nM. The 
histamine release assay was that developed by Immunologics (City, State) and it was 
performed exactly as described by the manufacturer. 
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Pmnd B: The formation of hexamers it high concentration* of Ara b I. The samples were 
ia binding bafTer plas various concentrations of NaCl as indicated: (_J 100 mM NaCl, (J 
400 mM NaCl, (•) 600 mM NaCL (-) 800 mM NaCt, (-) 1 100 mM NaCX (t) 1300 mM 
NaCL fW) 1800 mM NaCL 
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The purified Ara h 1 protein retains its native structure as indicated by 
its ability to form homotrimers and hexamers. 
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[trypsin] 

Ara h 2 does not form homo-oligomers but does bind to trypsin. 

The fluorescence miUi-anisotropy (mA) or fluorescent-labeled Ara h 2 titrated with 
unlabeled Ara h 2 or trypsin at different concentrations is measured and plotted. All 
fluorescent measurements were performed exactly as described in Fig. 5. 

Pane! A; The fluorescence milti-anisotropy (mA) of fluorescent-labeled Ara h 2 titrated 
with unlabeled Ara h 2 at different concentrations is measured and plotted versus the 
concentration or unlabeled Ara h 2. The samples were in binding buffer plus (J100 mM 



Panel B: The fluorescence milli-anisotropy (mA) or fluorescent-labeled Ara It 2 titrated 
with unlabeled trypsin at different concentrations is measured mid plotted versus the 
concentration or unlabeled trypsin. The samples were in binding buffer plus ( ) 100 mM 
NaCI. W 
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Arah 2 peptides 



Identification of the Ara h 2 peptides that caused T-cell proliferation in 
the majority of patients tested. 

All of the data in Figure 2 was compiled and plotted as a stimulation index versus the Ara h 
'•> peptides The mean proliferation and standard error of (panel A) 17 peanut allergic 
individuals and (panel B) 5 non-allergic individuals were calculated and plotted as mean 
stimulation index of atopic individuals versus the 29 overlapping peptides spanning the 
entire Ara h 2 protein from the amino-(pcptide 904) to carboxyl terminus (peptide 932). 
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atopic individuals 



The CD4+ and CD8 + profiles of the T-cell lines of peanut allergic 

individuals. 

T cells were stained with FITC-labeled anti-CD4 and FITC-labeled anti-CD8 antibodies in 
order to determine the plicnotypc of the peanut specific T-ccIl lines established. FACS 
analysis was used to determine the percent of CD4 + and CD8**" cells in the peanut specific 
T-ccIl lines utilized in Ara h 2 epitope mapping and plotted versus the initials of the 
individual patients used to establish those cell tines. Panel A represents the CD4/CD8 
profiles of T-ccIl lines established from' allergic individuals while panel B represents the 
CD4/CD8 profiles of T-ccIl lines established from nou-allcrgic individuals. 
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Ara h 2 peptides 



The IL-4 secretion profiles of a representative sample of T cells. 

The supernatant was collected from T-cclls stimulated with immunodominant peptides and 
an ELISA assay was utilized to measure IL-4 concentrations in the mcd.a. IL-4 
concentration is plotted versus the 29 overlapping peptides spanning the entire Ara h 2 
protein from amino- (peptide 904) to carboxyl terminus (peptide 932). 
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B-CELL EPITOPES 



T-CELL EPITOPES - ° 

Comparison of the T-cell and B-ccIl epitopes of Ara h 2. 

The primary amino acid sequence of the Ara li 2 protein is represented as the one letter 
amino acid code. The T-cell epitopes of Ara h 2 that have been identified in this study are 
depicted as bold, italicized letters and the immunodominant B-cell epitopes determined in 
previous work arc underlined. In general, the IgE binding epitopes do not overlap with the 
T-cell epitopes. 




Fig.3f Trimeric model of the Ara h 1 molecule. 



|It has been shown that other vicilin homologs form trimeric structures. Ara h 1 was also 
determined to form a trimeric structure by fluorescence anisotropy and cross linking 
experiments (see poster # 994). Ara h 1 was modeled in trimeric form by aligning the 
constructed model (see fig. 1 and 4) to monomers A, B and C of the trimeric template molecule 
phaseolin. The left panel is a ribbon diagram of the trimer with each monomer represented in a 
different color. The right panel is a space filled diagram where the epitope regions on the white 
monomer are shown in red and the epitope regions on the yellow monomer are shown in orange. 
This shows that a clustered epitope region on one side of a monomer joins the opposite clustered 
epitope region of another. 



L Fi 8 ?z " Determination of residues targeted for mutagenesis in the Ara h 1 gene. 

^Residues that were found to abolish IgE binding through peptide mutagenesis (see Fig. 2 and 
Jfable 1) were mutated and analyzed in the molecular model to establish which residues would 
mss likely interfere with protein stability. The wild type form of epitope 11, SYLQEFSRNT, is 
shown in white with the leucine chosen to be mutated in red. The gold peptide is the mutated 
form with a methionine substitution shown in purple. The mutant was locally annealed. This 
substitution is predicted to leave the molecule in the least disturbed conformation and has the 
lowest energy compared to the other residues that were shown to abolish IgE binding when 
mutated (shown in bold: SYLQEESRNT). The other modeled epitopes were analyzed using the 
same method and one or more choices per epitope appeared to be suitable for mutagenesis 
without altering the tertiary structure of Ara h 1 significantly. 
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cDNA CLONING , 



Soybean seeds, Glycinus max, Hutchinson variety, were obtained from a 
local health food store, frozen in liquid nitrogen, ground to a fine powder, and the 
RNA extracted using the method of Nedergaard et al (Mol Immunol 29:703,1992). 
Briefly, 2 g frozen seed powder was added to 10 mis buffer (250 mM sucrose, 200 
mM Tris-HCl, pH 8.0, 200 mM KC1, 30 mM MgCl 2 , 2% polyvinylpyrrokidone-40 
and 5 mM 2-mercaptoethanoI) and equilibrated with 10 ml fresh phenol (4°C). The 
suspension was homogenized and 10 ml of chloroform added with shaking for 5 min 
at RT. Phases were separated by centrifugation, 10k g for 20 min at 4°C and the 
aqueous phase transferred to a clean test tube and extracted 2x with equal volumes 
of chloroform/phenol. Nucleic acids were precipitated with sodium acetate/ethanol 
at -20°C overnight The precipitates were collected by centrifugation at 13k g for 20 
min at 4°C, washed with 70% ethanol and dried. Samples run in parallel were 
pooled in water and made 3M in LiCl, and the RNA precipitated for 4 hr at -20°C. 
The precipitate was collected by centrifugation outlined above and resuspended in 
distilled water. Fifty microliters of the RNA suspension was withdrawn for 
OD260/280 measurements and the RNA analyzed by agarose gel electrophoresis. 
Three aliquots representing a total of approximately 3.0 mgs total RNA was sent to 
STRATAGENE for purification of mRNA and the preparation of a Uni-Zap XR 
custom library. 

The expression custom library was screened with serum from soybean- 
sensitive individuals and positive clones subcloned to homogeneity with respect to 
IgE-binding. Five clones were isolated from an initial screen and the plasmids 
purified from LB/ampicilin broth cultures using an Ameresco kit The plasmid 
DNA from each clone was PCR amplified and analyzed in agarose gels. Two 
plasmid preparations had relative bp of approximately 1400 and the remaining 
three 1500 bp. 




PCR AMPLIFIED PLASMIDS ISOLATED FROM SOY BEAN CDNA 

EXPRESSION LTBRARV 



ALL 




N IDENTIFICATION BY 3| 




DS-PAGE 



A crude soybean extract was applied to a 12.5% preparative SDS-PAGE gel 
and electrophoresed using a BIO-RAD prep cell. Five ml fractions were collected 
and aliquots were electrophoresed into a Pharmacia 24-well 10% horizontal gel, 
electrophoretically transferred to a nitrocellulose membrane, the remaining sites 
blocked using PBS/0.05% Tween 20, and analyzed for IgE-binding using serum 
from soybean-sensitive individuals. Fractions that bound IgE were dialyzed against 
lOOmM ammonium bicarbonate (x4 x 4 liters) for 24 hours, lyophilized, 
reconstituted in distilled water and analyzed by 2-D (isoelectric focusing in the first 
dimension, pH 3-7, followed by a 4-20% SDS-PAGE gel molecular weight 
separation in the second) in duplicate. The proteins in the duplicate gels were 
transferred to nitrocellulose membranes, one was stained with Coomassie blue for 
protein identification and the other was prepared for IgE immunoblot analysis. 
IgE-binding proteins were identified by radiolabeled anti-IgE and X-ray 
autoradiography. Positive IgE-binding proteins by autoradiography were 



if compared to the Coomassie stained gel protein profile. The stained blot was 



submitted to the Yale Biotechnology Center for amino acid sequencing. The results 
of this analysis revealed a 20-22kD protein with significant homology to the A2Bla 
glycinin protein family. Additional samples are being assessed for activity and 
identification. 
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w Figure fl at 
EXPRESSION OF RECOMBINANT Ara h 2 

PROTEIN IN E. Coli 



Ara h 2 cDNA 



EcoRI 



PCR 



Not I 



Subcloning 




pET 24/ Ara h 2 



T7-tag 



Expression 
Purification 

His-6 



rAra fa 2 protein 




Figured 

INHIBITION OF IgE BINDING TO 
NATIVE Ara h 2 PROTEIN 

0.5 ug of the native Ara h 2 protein purified from crude peanut 
extracts were loaded onto nitrocellulose membrane using a slot- 
blot apparatus. Membranes were incubated with patient serum 
pool (1:20) in the presence or absence of different concentrations 
of wild type or mutated recombinant Ara h 2 proteins. 
Membranes were probed for the bound IgE with 125 I anti- 
human IgE antibody. Laser densitometry of the autoradiograms 
was used to quantitate the relative amounts of IgE binding. 





Figure & 
PROLIFERATION OF PBMCs 
FROM PEANUT 
SENSITIVE PATIENTS 

PBMCs were isolated from heparinized venous blood of peanut- 
sensitive patients by density gradient centrifugation on Ficoll. 
2x1 0 5 cells per well were incubated in triplicates for 7 days in 
RPMI media with 5% human AB serum in the presence of 10 
ug/ml of the native Ara h 2 protein purified from the crude 
peanut extract or recombinant Ara h 2 proteins purified from 
E.coli. Cells incubated in media only were used as a control. 
Proliferation was measured by the incorporation of tritiated 
thymidine. Stimulation index is calculated as a ratio of 
radioactivity for the cells growing in the presence of allergen to 
that for the cells growing in media alone. 
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